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FOREWORD 


X-ray  machines  have  their  own  distinguishing  traits  or  characteristics.  It 
is  well  known  that  two  x-ray  machines  capable  of  identical  currents  and  energies 
may  differ  significantly  in  their  output  intensity  and  spectral  content.  This 
variation  may  be  due  to  such  factors  as  the  design  of  the  x-ray  tubes,  the  types 
of  target  materials,  or  inherent  filtration.  Thus,  it  is  important  that  the 
radiographer  know  both  the  capabilities  and  limitations  of  the  x-ray  machine  he 
is  using. 

This  report  characterizes  the  Philips  MG  301  Constant  Potential  X-ray 
Machine  for  radiographing  various  steel  thicknesses  with  the  4.0mm  focal  spot. 
The  following  kilovolt  ranges  are  covered  in  this  report:  100,  ISO,  200,  250, 
and  300.  The  steel  thicknesses  covered  range  from  .125  to  2.5  inches  at 
.125-inch  increments.  The  figures  in  this  report  contain  vital  information,  and 
may  be  used  as  a  guide  in  characterizing  any  type  of  x-ray  machine  for 
radiographing  metals,  composites,  and  other  materials. 
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OBJECTIVE 


The  objective  of  this  report  is  to  present  information  in  both  graphical 
form  and  data  sheet  form  for  radiographers  to  use  as  a  guide  for  characterizing 
any  x-ray  machine  for  any  given  material  capable  of  being  x-rayed.  This  was 
accomplished  by  characterizing  the  Philips  MG  301  Constant  Potential  X-ray 
Machine  for  radiographing  various  steel  thicknesses  with  a  4.0mm  focal  spot. 

The  information  in  this  report  will  permit  users  of  any  x-ray  machine  to  develop 
exposure  charts  to  allow  them  to  make  fast  and  reliable  decisions  when  faced 
with  the  problem  of  developing  an  exposure  technique  for  radiographing,  for 
example,  thicknesses  of  steel  in  the  range  of  .125  to  2.5  inches.  Information 
contained  in  this  report  provides  users  of  the  Philips  MG  301  and  other  types  of 
x-ray  machines  with  guidelines  for  developing  exposure  techniques  for  other 
metals  (aluminum,  copper,  etc.)  in  the  thickness  range  stated  above.  This  can 
be  accomplished  by  using  steel  as  a  cross  reference  in  conjunction  with  recorded 
charts  of  approximate  radiographic  equivalence  factors. 


PROCEDURES 


The  roentgen  (r)  outputs  given  at  the  various  kilovolt  energies  in  Table  1 
were  obtained  with  Victoreen  Condenser  R-Meter  chambers.  The  output  in  r/min. 
given  at  a  particular  kV  was  obtained  by  averaging  three  separate  readings. 

The  measurement  procedure  utilized  a  steel  step  wedge  2  inches  wide  by  10 
inches  long  consisting  of  20  one-half  inch  wide  steps.  The  step  wedge  increased 
in  thickness  by  .125-inch  increments  from  the  bottom  step,  with  a  thickness  of 
.125  inch,  to  the  top  step,  with  a  thickness  of  2.5  inches.  The  step  wedge  was 
radiographed  at  100,  150,  200,  250,  and  300  kV.  At  each  of  these  energy  levels, 
the  step  wedge  was  placed  on  a  hard  cassette  and  radiographed  for  .5,  1,  2,  4, 

8,  and  16  minutes.  Each  exposure  was  recorded  on  a  single  Kodak  10  x  12  inch 
Industrex  M  film.  The  films  were  processed  in  a  Kodak  X-OMAT  Model  B  automatic 
processor.  Density  readings  were  recorded  by  an  X-Rite  Model  301  Densitometer 
for  those  steps  that  appeared  on  the  radiograph  in  the  density  range  of  .16  to 
5.0.  Due  to  undercut  and  scatter,  it  was  necessary  to  mask  this  particular  step 
wedge  with  lead  bricks  for  the  following  exposure  times  at  300  kV:  4,  8,  and  16 
minutes.  Data  was  recorded  on  separate  data  sheets  for  100,  150,  200,  250,  and 
300  kV,  and  the  variables  listed  at  each  energy  level  were  noted  (see  Tables  2 
through  6  and  Figures  1  through  5).  Next,  this  data  was  plotted  on  graphs  to 
characterize  curves  for  Kodak  Industrex  M  film  (see  Figures  6  through  10). 
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Finally,  the  characteristic  curves  were  used  to  graph  the  technique  or  exposure 
charts  at  all  of  the  various  energy  levels  (see  Figure  5),  except  100  kV.  An 
exposure  chart  was  not  graphed  for  100  kV  because  there  were  not  enough  data 
points.  It  should  be  noted  that  exposure  data  for  100  kV  may  be  obtained  from 
Table  2. 


RESULTS 


It  was  observed  through  graphical  data  that  the  steel  Half-Value-Layers 
(HVL)  associated  with  the  Philips  MG  301  X-ray  machine  are  as  follows:  at 
150  kV/17  mA,  .137  inch;  at  200  kV/14  mA,  .175  inch;  at  250  kV/12  mA,  .237  inch; 
and  at  300  kV/10  mA,  .250  inch  (see  Figure  5).  The  HVL  is  the  amount  of 
material  (in  this  case  steel)  that  will  stop  half  of  the  radiation  of  a  given 
intensity.  Other  results,  such  as  the  time  it  takes  to  radiograph  1  inch  of 
steel  at  300  kV  using  the  Philips  MG  301  can  be  observed  directly  from  the 
exposure  charts  in  terms  of  steel  thickness  and  exposure  time  relationships. 


OBSERVATIONS 


This  report  provides  the  radiographer  with  important  information  for 
radiographing  steel  samples  in  the  thickness  range  of  .125  to  2.5  inches.  For 
example,  when  using  the  Philips  MG  301  X-ray  Machine,  one  can  observe  from  the 
appropriate  exposure  chart  that  if  a  1-inch, steel  sample  were  x-rayed  at  300  kV, 
and  a  film  density  of  2.5  on  Kodak  Industrex  M  film  were  obtained,  the  exposure 
time  would  be  2  minutes  while  keeping  all  variables  constant.  This  report  can 
also  be  used  by  the  radiographer  to  develop  precise  preliminary  radiographic 
techniques  for  types  of  industrial  x-ray  films  other  than  Kodak.  These  graphs 
produce  information  directly  related  to  Kodak  Industrex  M  film;  however,  through 
comparisons  and  calculations,  it  is  possible  to  produce  good  preliminary 
radiographs  for  other  types  of  industrial  manufactured  x-ray  films  by  knowing 
the  film  speed  and  using  Industrex  M  film  as  a  standard.  For  example,  the  film 
speed  of  Kodak  Industrex  M  film  is  similar  to  Dupont  NDT-55  radiographic  film. 


CONCLUSIONS 


The  Philips  MG  301  Constant  Potential  X-ray  Machine  provides  kilovolt 
energies  in  the  range  of  100  to  300  kV.  The  100  to  300  kV  energy  range 
comprises  the  most  frequently  used  energies  in  radiographic  nondestructive 
evaluation.  Therefore,  the  results  obtained  in  this  report  may  be  used  to 
compare  the  results  obtained  from  characterizing  other  types  of  x-ray  machines 
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for  the  following  kilovolt  energies:  100,  150,  200,  250,  end  300.  The  HVL  for 
steel  calculated  from  graphical  data  in  this  report  were  found  to  be  within 
reasonable  deviation  ranges  of  published  charts  for  steel  at  200,  250,  and 
300  kV. 
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TABLE  3.  EXPOSURE  DATA  FOR  PHILIPS  MG  301  CONSTANT  POTENTIAL  X-RAY  MACHINE  (150kV/17mA) 


EXPOSURE  TIME,  DENSITY 

THICKNESS 

INCHES 

.5  MIN 

1  MIN 

2  MIN 

4  MIN 

8  MIN 

16  MIN 

2.5" 

X 

X 

X 

X 

X 

2J75" 

X 

X 

X 

X 

X 

2.25" 

X 

X 

X 

X 

X 

2.125" 

I  |  1 

X 

X 

X 

X 

X 

2.0" 

1 

X 

X 

X 

X 

X 

1.875" 

I 

X 

X 

X 

X 

X 

1.75" 

K|X 

X 

X 

X 

X 

X 

1.625" 

1 

X 

X 

X 

X 

X 

1.5" 

X 

X 

X 

X 

X 

1.375" 

I 

X 

X 

.22 

.24 

.36 

1.25" 

|  1 

X 

.19 

.23 

.27 

.42 

1.125" 

I 

.18 

.20 

.25 

.32 

.52 

1.0" 

.17 

.19 

.21 

.30 

.41 

.70 

0.875" 

.18 

.21 

.25 

.38 

.56 

1.07 

0.75" 

.20 

.24 

.34 

.54 

.90 

1.74 

0.625" 

.24 

.33 

.50 

.86 

1.52 

2.85 

0.5" 

.32 

.50 

.80 

1.48 

2.65 

4.55 

0.375" 

.49 

.84 

1.45 

2.70 

4.45 

X 

0.25" 

.90 

1.64 

2.87 

4.78 

X 

X 

0.125" 

2.27 

3.90 

X 

X 

X 

X 

NOTES: 

4.0mm  FOCAL  SPOT 
TFD  -  4' 

HARD  CASSETTE 
FRONT  Pb  SCREEN  -  0.005" 
BACK  Pb  SCREEN  -  0.010" 
LEAD  FILTER  -  0.005" 
X-OMAT  DEVELOPER  -  80°  F 
M  FILM 
STEEL 
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TABLE  4.  EXPOSURE  DATA  FOR  PHILIPS  MG  301  CONSTANT  POTENTIAL  X-RAY  MACHINE  <200kV/14mA> 


NOTES: 

4.0mm  FOCAL  SPOT 
TFD-4' 

HARD  CASSETTE 
FRONT  Pb  SCREEN  -  0.005" 
BACK  Pb  SCREEN  -  0.010" 
LEAD  FILTER  -  0.005" 
X-OMAT  DEVELOPER  *  80®  F 
M  FILM 
STEEL 
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TABLE  5.  EXPOSURE  DATA  FOR  PHI  LIPS  IMG  301  CONSTANT  POTENTIAL  X-RAY  MACHINE  <250kV/12mA) 
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TABLE  6.  EXPOSURE  DATA  FOR  PHILIPS  MG  301  CONSTANT  POTENTIAL  X-RAY  MACHINE  (300kV/10mA) 


MINUTES 


NSWCTR  84-146 


DENSITY 


10 


J _ L 


I 


NOTES: 

4.0mm  FOCAL  SPOT 
TFD  -  4' 

HARD  CASSETTE 
FRONT  Pb  SCREEN  -  0.005" 
BACK  Pb  SCREEN  -  0.010" 
LEAD  FILTER  *  0.005" 
X-OMAT  DEVELOPER  -  80°  F 
M  FILM 
STEEL 


J _ I _ 1 _ ,L 


J _ I _ I _ I _ I _ I _ I 


0  0.125  0.250  0.375  0.500  0.625  0.750  0.875  1.000  1.125  1.250  1.375  1.500  1.625  1.750  1.875 


STEEL  THICKNESS  -  INCHES 


FIGURE  1.  EXPOSURE  CHART  FOR  PHILIPS  MG  301  (150kV/17mA> 
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MINUTES 
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STEEL  THICKNESS  -  INCHES 


FIGURE  2.  EXPOSURE  CHART  FOR  PHILIPS  MG  301  (200kV/14mA) 
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0  0.125  0.260  0.375  0.500  0.625  0.750  0.875  1.000  1.125  1.250  1.375  1.500  1.625  1.750  1.875 

STEEL  THICKNESS  -  INCHES 

FIGURE  3.  EXPOSURE  CHART  FOR  PHILIPS  MG  301  (250kV/12mA) 
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MINUTES 
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NOTES: 

4.0mm  FOCAL  SPOT 
TFD  -  4' 

HARO  CASSETTE 
FRONT  Pb  SCREEN  -  0.006" 
BACK  Pb  SCREEN  -  0.010" 
LEAD  FILTER  -  0.005" 
X-OMAT  DEVELOPER  -  80°  F 
M  FILM 
STEEL 


OL 

0 


_J _ I _ I _ I _ 1 _ I _ I _ I _ I _ L  .1 _ 1111 

0.128  0.280  0.378  0.500  0.625  0.750  0.875  1.000  1.125  1.250  1.375  1.500  1.625  1.750  1.875 


STEEL  THICKNESS  -  INCHES 


FIGURE  4.  EXPOSURE  CHART  FOR  PHILIPS  MG  301  (300kV/10mA) 
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MINUTES 
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100 


10 


1 


NOTES: 

4.0mm  FOCAL  SPOT 
TFD  -  4' 

HARO  CASSETTE 
FRONT  Pb  SCREEN  -  0.005" 

BACK  Pb  SCREEN  -  0.010" 

LEAD  FILTER  -  0.005"  FOR  200kV, 
2SOk V,  300kV 

X-OMAT  DEVELOPER  -  80°  F 
DENSITY  -  2.3  +  0.02 
M  FILM 
STEEL 


NO  FILTER 
100kV/17mA 

~  SEE  CHARACTERISTIC  CURVE 


0L 

0 


HVL  -  .260" 

1  I  I  I  I  1 _ I _ I _ I _ I - 1 - 1 - 1 - 1 - 1 

0.125  0.250  0.375  0.500  0.625  0.750  0.875  1.000  1.125  1.250  1.375  1.500  1.625  1.750  1.875 


STEEL  THICKNESS  -  INCHES 


FIGURE  5.  EXPOSURE  CHART  FOR  PHILIPS  MG  301 
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TIME  IN  SECONDS 

FIGURE  6.  CHARACTERISTIC  CURVE  FOR  PHILIPS  MG  301  (100kV/17mA> 
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30  41  73  100  120.5  180.5  290 

TIME  IN  SECONDS 

FIGURE  8.  CHARACTERISTIC  CURVES  FOR  PHILIPS  MG  301  <200kV/14mA) 
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TIME  IN  SECONDS 

FIGURE  10.  CHARACTERISTIC  CURVES  FOR  PHILIPS  MG  301  (300kV/10mA) 
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